Abstract. The present study investigates the load capacity and friction coefficient for a two-layered journal bearing lubricated with ferrofluid. A modified Reynolds equation for a two-layered ferrofluid is derived using displaced infinitely long wire magnetic field model. Reynolds boundary conditions are used to obtain nondimensional pressure and shear stress expressions. Nondimensional load capacity and coefficient of friction are analyzed under the influence of lubricant layer's thickness, viscosities, magnetic field intensity and distance ratio parameter. Ferrofluid lubrication under the influence of magnetic field has potential to enhance load carrying capacity and reduce coefficient of friction for two-layered journal bearing.
Introduction
Ferrofluids are stable colloidal suspension comprising ferromagnetic particles dispersed within a carrier fluid. Lubrication is an important application of ferrofluids. Journal bearings lubricated with ferrofluids enhance load carrying capacity. Osman et al. [1] derived modified Reynolds equation applicable for external applied magnetic field. Osman et al. [2] investigated the influence of ferrofluid on the static and dynamic characteristics of the finite hydrodynamic journal bearing under an applied magnetic field. Hsu et al. [3] investigated the characteristics of short journal bearing under the combined effects of non-Newtonian power law ferrofluid and bearing surface roughness. A two-layered film consists of two immiscible fluid layers of different viscosities that share the clearance space between the bearing and journal surfaces. Szeri [4] analyzed the journal bearing with two-layered film bearing that combines the advantages of high viscosity with low viscosity lubricant. Tichy [5] developed a modified Reynolds equation for analysis of journal bearing with surface layers of higher viscosity. Rao et al. [6] investigated the generation of load support and consequent reduction in friction in a two-layered lubricant film journal bearing under the influence of partial slip configuration.
The purpose of this study is to investigate the generation of load support and consequent reduction in friction in a two-layered film journal bearing lubricated with ferrofluid. Results of nondimensional load capacity and coefficient of friction in one dimensional journal bearing lubricated with ferrofluid under steady state are analyzed for different values of magnetic field intensity (α) and eccentricity ratio (ε).
Analysis
A one-dimensional analysis of two-layered journal bearing lubricated with ferrofluid is considered in the analysis. Figure 1 shows the schematic of two-layered film journal bearing configuration. The nondimensional film thickness for the plain journal bearing is expressed as
Figure 1
Geometry of two-layered film journal bearing with displaced infinitely long wire
The nondimensional magnetic field intensity using the displaced infinitely long wire magnetic field model is represented as [1] 
Using the magnetic force as a body external force [1] , the momentum equations of two-layered journal bearing lubricated with ferrofluid are simplified considering pressure variation only along the sliding direction. Using the equation of continuity for steady flow and the condition of equality of shear stress at the interface, the non-dimensional pressure gradient is expressed as
The non-dimensional pressure in the two-layered film journal bearing lubricated with ferrofluid can be written as Equation (4) 
The nondimensional load capacity is expressed as 
Results and Discussion
The parameters used in the analysis of two-layered lubricant film journal bearing lubricated with ferrofluid are: ε=0.1-0.5; α=0, 0.05, 0.1, 0.15; K=1.1, 1.2, 1.3, 1.4; β=10; γ=0.9. The variation of nondimensional load capacity (W) with two-layered lubricant film journal bearing lubricated with ferrofluid is shown in Figs. 2a-2b . The variation of nondimensional load capacity (W) with eccentricity ratio (ε) and distance ratio parameter (K) are presented for different values of magnetic field intensity (α) and eccentricity ratio (ε) for γ=0.9 and β=10. The nondimensional load capacity (W) increases with increase in magnetic field intensity (α) for eccentricity ratios (ε) of 0.1-0.5. The nondimensional load capacity (W) is higher at lower eccentricity ratios (ε) of 0.1-0.3 for the displaced infinitely long wire magnetic field model. The nondimensional load capacity increases with increase in magnetic field intensity (α) due to increase of pressure around the location of wire (θ=π/2). For the case of journal bearing eccentricity ratios (ε) of 0.1-0.5, the nondimensional load capacity (W) decreases with increase in distance ratio parameter (K) from 1.1-1.2. The magnetic effect decreases with increase in distance ratio parameter (K). The coefficient of friction (Cf) in the two-layered lubricant film journal bearing lubricated with ferrofluid is shown in Figs. 3a-3b for γ=0.9 and β=10. In the case of two-layered lubricant film journal bearing eccentricity ratios (ε) of 0.1-0.3, the coefficient of friction (Cf) decreases with increase in magnetic field intensity (α=0.05-0.15). At low eccentricity ratio (ε=0.1), the coefficient of friction (Cf) considerably decreases for lower distance ratio parameter (K=1.1). 
Conclusion
The present study investigates the influence of ferrofluids on improvement in load capacity and reduction in friction coefficient for a two-layered lubricant film journal bearing. A two-layered journal bearing lubricant film of different Newtonian dynamic viscosities that adheres to journal and bearing surfaces is presented in the analysis. The nondimensional pressure and shear stress expressions are obtained using the Reynolds boundary conditions considering the displaced infinitely long wire magnetic field model. The conclusions based on the analysis presented in this paper are:
x Under the influence of ferrofluids for a two-layered journal bearing (ε=0.1-0.3), the nondimensional load capacity (W) increases with increase in magnetic field intensity (α=0.05-0.15). x Under the influence of ferrofluids for a two-layered journal bearing (ε=0.1-0.3), the coefficient of friction (Cf) decreases with increase in magnetic field intensity (α=0.05-0.15). The coefficient of friction (Cf) also decreases for lower distance ratio parameter (K=1.1). 
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